Introduction
Cervical cancer (CC) is the second most frequent malignant disease in women, which causes cancer-associated mortality worldwide, 1,2 with ~529,000 new cases and 275,000 deaths every year. 3 Despite improvements in diagnostic and therapeutic strategies, the 5-year survival rate for patients with advanced stage CC remains poor, because of recurrence and metastasis after surgery and concurrent chemoradiotherapy. 4, 5 Hence, comprehensive understanding of the molecular mechanisms underlying CC progression and identification of therapeutic targets are crucial. [6] [7] [8] The newly discovered protein, pre-B-cell leukemia homeobox 3 (PBX3), a member of the recently described PBX family, is consistently reported as associated with tumor growth and progression. 9 Increased expression of PBX3 is closely correlated with tumor growth and progression in malignancies including malignant prostate cancer, 10 leukemia, 9, 11 and gastric cancer, 12, 13 suggesting that PBX3 is associated with
Materials and methods samples and patients
The 
cell lines, sirna vectors, and retroviral infection
Human cervical cells (normal cervical cells [NCECs] ) and CC cell lines, including CaSki, Hela, C-33A, Siha, HT-3, and ME-180, were cultured at 37°C in 5% CO 2 in RPMI-1640 medium containing 10% fetal bovine serum (FBS). These cell lines were purchased from the Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences (Shanghai, China). To inhibit intracellular expression of PBX3 protein, two ShRNA oligonucleotides (RNAi#1 5′-GAAAGAGGGAGCAAAGGTTCT-3′; RNAi#2 5′-GTGTCACAGAGTCTTGTAAAG-3′) were designed and cloned into the pCMV3 vector to generate pCMV3-PBX3-ShRNA1 and pCMV3-PBX3-ShRNA2, respectively. Retroviral production and infection were performed as described previously, 16 were infected for 48 hours, enabling them to stably express PBX3-shRNA. Then, cells were selected with 0.5 μg/mL Neomycin for 10 days.
real-time polymerase chain reaction (rT-Pcr)
Total RNA samples were extracted from cultured cells and fresh tissues using TRIzol reagent (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer's instructions. RNA samples were pretreated with RNase-free DNase. Reverse transcription of 2 μg of total RNA from each sample was performed using a QuantiTect Reverse Transcription Kit (Qiagen NV, Venlo, the Netherlands) following the manufacturer's protocol. SYBR Green reagent (Thermo Fisher Scientific) was used for RT-PCR to analyze mRNA expression 17 and to quantify the amount of PBX3 mRNA in CC cell lines relative to the NCECs and in each primary CC tissue sample, relative to their paired ANT samples. Reactions were performed in triplicate, and expression data were normalized to the geometric mean of the expression level of the housekeeping gene, GAPDH. Primer Express v 2.0 software (Thermo Fisher Scientific) was used for primer design. PCR primer sequences were designed according to the reference literature 18 as follows: PBX3 forward, 
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high PBX3 expression indicates negative prognosis in cc 5′-CTCCCAAATTCTGGGGACATG-3′ and reverse, 5′-ATCCACCTGTGACTGCACATTG-3′; 11 and GAPDH forward, 5′-AGGCTGTTGGCAAAGTGATTC-3′ and reverse, 5′-CTTTTCCCAAACGCACAGTCA-3′.
Western blotting
Proteins were extracted from cultured cells at 70%-80% confluence, or from tumor/ANT tissues, separated by SDS-PAGE, and transferred to polyvinylidene fluoride (PVDF) membranes. After incubation with primary monoclonal rabbit antibodies at 4°C for 12 h at room temperature, membranes were washed three times with tris-buffered saline and Tween 20 TBST) solution and then incubated with horseradish peroxidase-labeled secondary antibody (anti-rabbit IgG, 1:4,000, Sigma-Aldrich Co., St Louis, MO, USA) for 3 h. Membranes were washed with TBST and detected proteins visualized using ECL prime Western blotting detection reagent (Amersham Biosciences, Uppsala, Sweden). 19, 20 Rabbit anti-PBX3 antibody (1:1,000, ab56239) was from Abcam (Cambridge, MA, US), rabbit anti-pAKT (Ser473) (1:500, SAB4504331) was from Sigma, rabbit anti-total AKT (1:1,000, SAB4500797) was from Sigma, and anti-GAPDH (1:1,500, ab70136) was from Abcam.
immunohistochemistry (ihc) analysis
IHC analysis was used to study altered protein expression in eight tumor/ANT tissue samples and 190 human CC tissues. Briefly, 4 μm-thick paraffin sections of patient CC tissue samples were baked at 65°C for 30 min and then incubated with rabbit anti-PBX3 antibody (1:1,000, ab56239). After washing, sections were incubated with horseradish peroxidase-labeled secondary antibody (anti-rabbit IgG, 1:4,000, Sigma), followed by nuclei stain. Images were acquired by Microscope (FV1000; Olympus Corporation, Tokyo, Japan). Three independent pathologists analyzed the results of immunohistochemical staining for PBX3 protein and were blinded to sample origins. The degree of immunostaining of formalin-fixed, paraffin-embedded sections was independently evaluated. The scores given by the three independent pathologists were averaged and were based on both the proportion of positively stained cells and the intensity of staining. The proportion of cells was scored as follows: 1, ,10% positive tumor cells; 2, 10%-50% positive tumor cells; 3, 50%-75% positive tumor cells; and 4, .75% positive tumor cells. The intensity of staining was graded according to the following criteria: 0, no staining; 1, weak staining = light yellow; 2, moderate staining = yellow brown; and 3, strong staining = brown. The staining index was calculated as the product of the proportion of positive cells and the staining intensity score (range, 0-12). 16 Cutoff values for PBX3 were chosen on the basis of a measure of heterogeneity using the log-rank test with respect to OS. The optimal cutoff value was determined as follows: a staining index score of $4.3 was used to define tumors with high PBX3 expression, while ,4.3 indicated low PBX3 expression.
cell proliferation assay
Hela and Siha cell lines were seeded at a density of 1×10 3 cells per well in 96-well plates. Cells were treated after incubation for 24 h at 37°C in a 5% CO 2 incubator in RPMI-1640 complete medium. The MTT assay was performed after 1, 2, 3, 4, and 5 days of cell culture. Culture medium was discarded, cells washed three times with phosphate-buffered saline (PBS), and 25 μL 0.5% (w/v) MTT added into each well. The 96-well plates were incubated for 3 h at 37°C, and then the culture medium discarded. The 96-well plates were washed three times with PBS, 120 μL DMSO added into each well, incubated with slow shaking for 0.5 h, and the absorbance at 490 nm was measured using an enzyme-linked immunosorbent assay reader (Multiskan FC; Thermo Fisher Scientific). 21 Each experiment was repeated three times.
anchorage-independent growth ability assay
The anchorage-independent growth ability of transfectants was analyzed by soft agar colony assay. Five hundred cells were prepared in 2 mL of 0.3% agar in RPMI-1640 complete medium and layered onto 2 mL 1% agar in RPMI-1640 medium containing 10% FBS. The colonies were incubated for 10 days. 22 The experiment was performed three times independently for each cell line.
colony formation assay
Colony formation assays were performed by seeding cells at concentrations of 5×10 2 /well in six-well plates and incubating for 10 days. Colonies were stained with 1% crystal violet. 23 The experiment was performed three times independently for each cell line. People's Hospital of Lanzhou City (IACUC). Animals were treated humanely for all experimental procedures. All animals were lawfully acquired and their retention and use were in compliance with federal, state, and local laws and regulations, and in accordance with the guidelines of the IACUC guide for care and use of laboratory animals. Immunodeficient mice were randomly divided into six groups (n=6 per group). Stably transfected cells ( 1×10 7 ) were injected subcutaneously into the dorsal right flank of NOD/SCID mice. The cells included Hela and Siha CC cells stably expressing ShRNA-vector, PBX3-RNAi#1, and PBX3-RNAi#2, respectively. Tumors were examined every 5 days, length (L) and width (W) were measured, and tumor volumes calculated using the equation (L × W 2 )/2. On day 30, animals were killed, and tumors harvested, weighed, and used for protein quantification. 24 
Xenografted tumor model

statistical analysis
All experiments were repeated three times. Data are expressed as mean ± standard deviation (SD). Data analysis was carried out using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). P-values were calculated by one-way analysis of variance followed by Tukey's post hoc test. P,0.05 was considered to indicate a statistically significant difference.
Results
Expression level of PBX3 is significantly increased in cc cells and tissues
The expression levels of both PBX3 protein and mRNA were markedly upregulated in multiple CC cell lines, including CaSki, Hela, C-33A, Siha, HT-3, and ME-180, compared with those in the normal cervical cell line, NCEC ( Figure 1A and B). Immunohistochemical analysis confirmed that PBX3 protein levels were markedly upregulated in all eight CC samples compared with the matched normal ANT samples (Figure 2A) . Moreover, Western blot assays indicated that PBX3 protein was also overexpressed in CC tissues compared with the paired normal ANT tissues ( Figure 2B ). PBX3 upregulation in these clinical samples was further confirmed by RT-PCR analysis ( Figure 2C ). As shown in Figure 2A , there was clear staining for PBX3 in CC tissues. In contrast, no, or weak, visible staining was observed in the matched ANT tissue samples. Overall, these results clearly demonstrate that PBX3 is highly expressed in CC cells and tissues.
association of PBX3 expression and cc clinical characteristics
To explore the potential application of determination of PBX3 levels for early diagnosis and prognosis in CC, we analyzed the correlation between PBX3 expression and patient clinicopathological features and survival. Immunohistochemical analysis demonstrated that PBX3 was significantly overexpressed in the cytoplasm of CC cells. Statistical analysis revealed that PBX3 was strongly expressed in 54.21% (103/190) of patients with CC and was markedly associated with tumor diameter, pathological grade, lymph node metastasis, invasion depth, vascular invasion, and clinical stage (all P,0.05) ( Table 1) . The relationship between the clinicopathological parameters of CC and PBX3 expression is summarized in Table 1 .
There was no apparent relationship between PBX3 expression and other clinicopathological parameters, including human papillomavirus (HPV) infection and age (all P.0.05).
PBX3 expression is significantly associated with prognosis in patients with cc
Kaplan-Meier analysis and the log-rank test were used to determine the relationship between PBX3 expression and survival in patients with CC. The log-rank test showed that the survival time was significantly different between patients stratified into groups with low and high PBX3 expression. Moreover, Kaplan-Meier survival curves and log-rank tests demonstrated that the OS of patients with high levels of PBX3 was significantly poorer than of patients with low levels (P,0.05; Figure 2D ). The cumulative 5-year survival rate was 73.9% (95% CI, 69.8%-78.4%) in the low PBX3 group, whereas it was only 40.4% (95% CI, 38.3%-47.1%) in the high PBX3 group. Further univariate and multivariate analyses were employed to investigate correlations between PBX3 expression and other clinicopathological parameters. A Cox regression model revealed that PBX3 expression, tumor diameter, pathological grading, lymph node metastasis, and International Federation of Gynecology and Obstetrics (FIGO) clinical stage were independent prognostic factors associated with survival (Table 2) ; therefore, PBX3 may be a useful marker for prediction of OS of patients with CC.
These data show that PBX3 expression is correlated with the prognosis of patients with CC and a potentially effective diagnostic marker for this malignancy.
PBX3 promotes cc proliferation in vitro
As high expression of PBX3 in Hela and Siha cells has been confirmed, we infected Hela and Siha cells with two vectors expressing shRNAs that stably inhibit endogenous PBX3 expression or empty vector as a control, and then evaluated As the plasmid vector contained a puromycin resistance sequence, we were able to generate stable CC cell lines and determine the expression levels of PBX3 mRNA and protein.
As expected, RNAi#1 and RNAi#2 downregulated the level of PBX3 protein in the PBX3-silenced Hela and Siha cells ( Figure 3A) . To study the effect of PBX3 protein on cell proliferation, we determined the proliferation rates of Hela and Siha cells transfected with the shRNA-vector control and those in which PBX3 was silenced, using an MTT assay ( Figure 3B ). Silencing of PBX3 markedly decreased the proliferation rate of cells infected with PBX3-siRNA, compared with controls transduced with empty shRNA-vector, on day 5 (P,0.05) ( Figure 3B ). Anchorage-independent growth assays confirmed the results of the MTT assays, demonstrating that reduction of endogenous PBX3 protein in Hela and Siha cells led to a markedly clear inhibition of cell growth, as indicated by a reduction in both colony number and size on soft agar in PBX3-silenced cells ( Figure 3C ). Furthermore, colony formation assays verified these results; colony forming ability was dramatically inhibited by the downregulation of PBX3 protein expression levels in PBX3-silenced Hela and Siha cells compared with corresponding vector only controls ( Figure 3D ). To clarify the molecular mechanism underlying the effect of PBX3 CC cell proliferation, we determined the expression levels of phosphorylated AKT (p-AKT) by Western blot analysis and found that the levels of p-AKT protein were significantly decreased in the PBX3-silenced Hela and Siha cells compared with controls ( Figure 3A) .
PBX3 enhances the tumorigenicity of cc in vivo
To confirm the in vitro experimental results, the biological role of PBX3 in CC progression was investigated using an in vivo subcutaneous tumor model to detect whether PBX3 expression could enhance the tumorigenicity of CC cells in vivo. As shown in Figure 4A , the subcutaneous tumor nodules formed by Hela/PBX3-ShRNA and Siha/PBX3-ShRNA cells grew at significantly slower rates than those formed by shRNA-vector infected Hela and Siha control cells. Additionally, PBX3-silenced Hela and Siha cell tumors were clearly smaller than the controls (Figure 4B and C) .
To determine whether the inhibition of CC nodule proliferation is due to the reduction of PBX3 protein expression, we used Western blotting experiments to detect the expression level of PBX3 protein in tumor tissues and found that PBX3 levels were significantly decreased in the PBX3-silenced Hela and Siha tumors ( Figure 4D ).
In summary, the results of the in vivo experiments were consistent with the in vitro data and reveal that PBX3 has an important role in promoting the tumorigenicity of CC cells in vitro and in vivo.
Discussion
CC is one of the most common malignant tumors in women. 25 As a result of continuous progress in development of diagnosis methods, surgical therapy, radiotherapy, and chemotherapy, the incidence of CC has decreased worldwide. 26 Nevertheless, there are still nearly 500,000 new cases and ~300,000 deaths from CC globally every year. 27 Particularly in developing countries, such as China, CC ranks as the second most commonly diagnosed cancer and the third leading cause of cancer death for women. 28 Therefore, the development of new molecular methods to improve the diagnosis of CC and facilitate gene therapy is urgently required. 29 No sensitive biomarkers specific for the early detection and prognosis of CC have been reported to date. 30 Therefore, it is important to identify new molecular markers of CC to facilitate more accurate prediction of clinical outcomes and prescription of effective treatment. 31 In the present study, multivariate analysis revealed that PBX3 protein expression level is a potential independent prognostic factor and early diagnosis marker for CC (Tables 1 and 2 ). To investigate the relationship between PBX3 and CC, we analyzed PBX3 mRNA and protein 
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high PBX3 expression indicates negative prognosis in cc expression levels in six CC cell lines, CC tissues from 190 cases, and eight matched fresh clinical CC and healthy tissue samples. We first determined that PBX3 was upregulated in six CC cell lines (Figure 1 ). Immunohistochemical, Western blot, and RT-PCR assays confirmed that high levels of PBX3 were expressed in eight fresh CC tissues compared with the levels in paired normal tissues at both the mRNA and protein levels (Figure 2A-C) . Moreover, based on immunohistochemical analysis, we proved that high PBX3 protein expression was correlated with poor prognosis in CC ( Figure 2D and Table 1 ). Additionally, immunostaining demonstrated that the expression level of PBX3 protein in histological sections was significantly associated with tumor diameter, pathological grading, lymph node metastasis, invasion depth, vascular invasion, and clinical stage (P,0.05) ( Table 1) . These results prompted us to study the molecular mechanisms underlying the role of PBX3 in CC. We hypothesized that reduction of PBX3 may inhibit the proliferation of CC and demonstrated that downregulation of PBX3 in CC cells significantly suppressed tumor proliferation in vitro and in vivo (Figure 3) . Further in vivo experiments demonstrated that the growth of subcutaneous tumors was inhibited by reduction of PBX3 expression (Figure 4) . The results of this study are consistent with those of previous studies of PBX3 in other types of tumor cells. [32] [33] [34] [35] PBX3 has been postulated as a tumor antigen associated with immune response and immunoregulation in breast cancer 36 and embryonic development. 37 Therefore, we intend to explore the potential of PBX3 as a potential target for immunotherapy in future investigations.
To clarify the role of PBX3 in CC, we studied its involvement in molecular signaling pathways. AKT signaling pathways are associated with proliferation of numerous malignancies, including CC. [38] [39] [40] Moreover, the role of PBX3 in gastric cancer is closely related to AKT signaling. 13 Accordingly, we explored the effects of PBX3 downregulation on the levels of AKT phosphorylation in Hela and Siha cells. Downregulation of PBX3 expression reduced the levels of AKT phosphorylation in Hela and Siha cells. Synthesis of our results and those of the foregoing studies lead us to conclude that PBX3 can promote proliferation of CC cells via the AKT signaling pathway.
Conclusion
The present study illustrates that PBX3 acts as an oncogene by promoting proliferation via AKT signaling in CC cells from various sources and is a potential new diagnostic and prognostic marker in CC. PBX3 also has potential for development as a target for gene therapy of CC.
OncoTargets and Therapy
Publish your work in this journal
Submit your manuscript here: http://www.dovepress.com/oncotargets-and-therapy-journal OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors. 
